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(54) Air-conditioning system 

(57) An air-conditioning system capable of always 
effectively performing the heating function by selectively 
using one of a cooling circuit and a heating circuit shar- 
ing a variable displacement type compressor is dis- 
closed. An electromagnetic capacity control valve (43) 
controls the discharge capacity of a variable displace- 
ment type compressor (25) in response to the differen- 
tial pressure between the discharge pressure Pd of a 
discharge chamber (132) and the suction pressure Ps 
of a suction chamber (131). The energization and deen- 



ergization of the capacity control valve (43) is controlled 
by a control unit (59). When a cooling command switch 
(63) is turned on, the control unit (59) deenergizes a 
switching valve (29) thereby to control the cooling oper- 
ation while at the same time controlling the discharge 
capacity by the capacity control valve (43). When a heat- 
ing command switch (64) is turned on, on the other 
hand, the control unit (59) energizes the switching valve 
(29) thereby to control the heating operation while at the 
same time controlling the discharge capacity by the ca- 
pacity control valve (43). 




Printed by Jouve, 75001 PARIS (FR) 



:iD: <EP • 



.1113235A1_I_> 



1 



EP 1 113 235 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an air-condi- 
tioning system comprising a variable displacement type 
compressor for compressing and discharging a refriger- 
ant while at the same time changing the discharge ca- 
pacity by changing a control pressure, and a cooling cir- 
cuit and a heating circuit sharing the use of the variable 
displacement type compressor, in which the cooling cir- 
cuit or the heating circuit is selectively used. 

2. Description of the Related Art 

[0002] An air-conditioning system of this type Is dis- 
closed in Japanese Unexamined Patent Publication 
(Kokai) No. 7-19630. When the cooling circuit is used, 
the refrigerant discharged from the compressor recircu- 
lates to the compressor through a condenser, an expan- 
sion valve and an evaporator. When the heating circuit 
is in use, on the other hand, the refrigerant discharged 
from the compressor recirculates to the compressor 
through an evaporator and a pressure reducing device 
on a first bypass. The operation of the cooling circuit and 
the heating circuit is switched by operating a switching 
valve. 

[0003] When the heating circuit is used, the condens- 
er is isolated, and therefore the discharge pressure is 
determined by the balance between the discharge 
amount of the compressor and the flow rate in the pres- 
sure reducing device on the bypass. As a result, the dis- 
charge pressure of the compressor is liable to be higher 
when the heating circuit is in use than when the cooling 
circuit is in use. Thus, when the heating circuit is in use, 
the discharge pressure often rises to an abnormally high 
level. In view of this, the conventional system disclosed 
in Kokai No. 7-19630 comprises a pressure relief valve 
interposed on a second bypass connecting the cooling 
circuit and the heating circuit. In the case where the dis- 
charge pressure rises to an abnormally high level while 
the heating circuit is being used, the pressure relief 
valve is opened to release the refrigerant from the heat- 
ing circuit into the condenser. 

[0004] Since the refrigerant is released into the con- 
denser from the heating circuit each time the discharge 
pressure rises to an abnormally high level when the 
heating circuit is used, however, the refrigerant in the 
heating circuit is reduced in amount to such an extent 
that the heating capacity becomes insufficient. Also, the 
refrigerant is released wastef ully to the condenser at the 
sacrifice of the work required on the part of the compres- 
sor to increase the pressure, thereby leading to a low 
energy efficiency. 

[0005] In the case where a variable displacement type 
compressor disclosed in Kokai No. 11-180138, i.e. in the 



case where a variable displacement type compressor 
with an adjustable suction pressure setting is used as a 
compressor shared by the cooling circuit and the heat- 
ing circuit, the situation may occur in which the air-con- 

5 ditioning system cannot perform the heating function. 
Specifically, the capacity control valve used with the var- 
iable displacement type compressor disclosed in Kokai 
No. 1 1 -1 801 38 functions to reduce the discharge capac- 
ity to such an extent as to reduce the pressure setting 

10 described above. Once the atmospheric temperature 
drops to such a level that the saturated pressure of the 
refrigerant drops below the range of the pressure set- 
ting, therefore, the discharge capacity cannot be in- 
creased and the air-conditioning system cannot perform 

15 the heating function. 

SUMMARY OF THE INVENTION 

[0006] The object of this invention is to provide an air- 
20 conditioning system comprising a variable displacement 
type compressor, and a cooling circuit and a heating cir- 
cuit selectively sharing the variable displacement type 
compressor, in which the heating function is always ef- 
fectively and efficiently performed on the one hand and 
25 a reduction in the cooling and heating functions is avoid- 
ed on the other hand. 

[0007] According to the invention, there is provided 
an air-conditioning system comprising a variable dis- 
placement type compressor for compressing and dis- 

30 charging the refrigerant while at the same time changing 
the discharge capacity by changing the control pres- 
sure, a cooling circuit and a heating circuit selectively 
sharing the use of the variable displacement type com- 
pressor, and capacity control means for controlling the 

35 discharge capacity of the variable displacement type 
compressor based on the differential pressure between 
the pressure in the discharge pressure area and the 
pressure in the suction pressure area or between the 
pressure in the discharge pressure area and the control 

40 pressure, wherein the capacity control means controls 
both the discharge capacity for circulating the refrigerant 
in the cooling circuit and the discharge capacity for cir- 
culating the refrigerant in the heating circuit. 
[0008] By controlling the discharge capacity based on 

45 the differential pressure between the pressure inthe dis- 
charge pressure area and the suction pressure area or 
between the pressure in the discharge pressure area 
and the control pressure, the discharge capacity can be 
controlled upward and therefore the air-conditioning 

50 system can perform the heating function even when the 
temperature is very low. 

[0009] The present invention may be more fully un- 
derstood from the description of a preferred embodi- 
ment set forth below, together with the accompanying 
55 drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In the drawings: 
[0011] Fig. 1 is a circuit diagram showing a cooling 
circuit and a heating circuit according to a first embodi- 
ment of the invention. 

[0012] Fig. 2 is a side sectional view of a variable dis- 
placement type compressor. 

[0013] , Fig. 3 is a circuit diagram showing a cooling 
circuit and a heating circuit. 

[0014] „■■ Fig. 4 is a sectional view of a capacity control 
valve 43. 

[0015] / Fig. 5 is a flowchart showing a cooling and 
heating control program. 

[0016] Fig. 6 is a circuit diagram showing a cooling 
circuit and a heating circuit according to a second em- 
bodiment of the Invention. 

[0017] Fig. 7 is a sectional view of a capacity control 
valve 66. 

[0018] Fig. 8 is a side sectional view of a variable dis- 
placement type compressor according to a third embod- 
iment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 9] An air-conditioning system mounted on an au- 
tomotive vehicle according to a first embodiment of the 
invention will be explained below with reference to Figs. 
1 to 5. 

[0020] .Figs. 1 and 3 show a cooling circuit 26 and a 
heating circuit 27 sharing the use of a variable displace- 
ment type compressor 25. The cooling circuit 26 in- 
cludes the variable displacement type compressor 25, 
a flow passage 28, an electromagnetic three-way 
switching valve 29, a flow passage 30, a condenser 31, 
a check valve 32, an expansion valve 33, af low passage 
34 and an evaporator 35. The heating circuit 31 includes 
the variable displacement type compressor 25, the flow 
passage 28, the switching valve 29, a flow passage 36, 
a throttle 37, a flow passage 34 and the evaporator 35. 
A temperature-sensing cylinder 38 is arranged on the 
outlet side of the evaporator 35. The temperature-sens- 
ing cylinder 38 transmits the pressure corresponding to 
the temperature on the outlet side of the evaporator 35 
to the expansion valve 33. The valve opening degree of 
the expansion valve 33 is controlled based on the pres- 
sure transmitted from the temperature-sensing cylinder 
38 in accordance with the temperature on the outlet side 
of the evaporator 35. 

[0021] In the case where the switching valve 29 is in 
a first switched state shown in Fig. 1 , the refrigerant dis- 
charged from the variable displacement type compres- 
sor 25 is recirculated to the variable displacement type 
compressor 25 through the switching vale 29, the con- 
denser 31 , the check valve 32, the expansion valve 33 
and the evaporator 35. In the case where the refrigerant 
circulates in the cooling circuit 26 in this way, the heat 



exchange operation is performed in the evaporator 35 
to coo! the compartments of the vehicle. In the case 
where the switching valve 29 is set to a second switched 
state shown in Fig. 3, on the other hand, the refrigerant 

5 discharged from the variable displacement type com- 
pressor 25 recirculates to the variable displacement 
type compressor 25 through the switching valve 29, the 
throttle 37 and the evaporator 35. In the case where the 
refrigerant circulates in the heating circuit 27 in this way, 

10 the high-temperature refrigerant discharged from the 
variable displacement type compressor 25 is sent di- 
rectly to the evaporator 35 where the heat exchange op- 
eration is performed to heat the compartments of the 
vehicle, 

is [0022] Fig. 2 shows an internal structure of the varia- 
ble displacement type compressor 25. A rotary shaft 1 8 
is supported on a front housing 12 and a cylinder block 
11 forming a control pressure chamber 121 . The rotary 
shaft 18 acquires the rotary drive force directly from a 

20 vehicle engine E without the use of a clutch. A rotary 
support member 1 9 is securely fixed on the rotary shaft 
18. Also, a swash plate 20 is slidably and inclinably sup- 
ported along the axis of the rotary shaft 18. A guide pin 
21 fixed on the swash plate 20 is slidably fitted in a gu ide 

25 hole 191 formed in the rotary support member 19. The 
swash plate 20 can be rotated inclinably along the axis 
of the rotary shaft 1 8 and integrally with the rotary shaft 
18 by the collaboration between the guide hole 191 and 
the guide pin 21. The inclination of the swash plate 20 

30 is guided by the sliding relation between the guide hole 
191 and the guide pin 21 and the slide supporting func- 
tion of the rotary shaft 1 8. 

[0023] An inclination angle reducing spring 68 and a 
capacity restoration spring 69 are arranged before and 

35 after the swash plate 20. The inclination angle reducing 
spring 68 is arranged between the rotary support mem- 
ber 1 9 and the swash plate 20, while the capacity res- 
toration spring 69 is arranged between the swash plate 
20 and a snap ring 1 0 on the rotary shaft 1 8. 

40 [0024] In the cylinder block 11 , a plurality of cylinder 
bores 111 (only one is shown in the drawing) are ar- 
ranged around the rotary shaft 18. Each cylinder bore 
111 encases a piston 22. The rotational motion of the 
swash plate 20 rotated integrally with the rotary shaft 18 

45 is converted into the longitudinal reciprocating motion of 
the piston 22 through a shoe 39 so that the piston 22 
moves longitudinally in the cylinder bore 11 1 . A suction 
chamber 131 and a discharge chamber 132 are defined 
in a rear housing 1 3. As the result of the backward move- 

so ment (movement from right to left in Fig. 2) of the piston 
22, the refrigerant in the suction chamber 131 making 
up the suction pressure area flows into the cylinder bore 
111 by forcing out the suction valve 151 above a valve 
forming plate 15 from a suction port 141 above a valve 

55 plate 1 A. The refrigerant that has flowed into the cylinder 
bore 111 is discharged into the discharge chamber 132 
making up the discharge pressure area by forcing out a 
discharge valve 161 above a valve-forming plate 16 
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from a discharge port 142 above the valve plate 14 as 
the result of the forward movement (movement from left 
to right in Fig. 2) of the piston 22. The opening degree 
of the discharge valve 161 is restricted as the discharge 
valve 161 comes into contact with a retainer 171 on a 
retainer-forming plate 17. The discharge chamber 132 
is connected to the flow passage 28 through a discharge 
passage 24, while the suction chamber 131 is connect- 
ed to the flow passage 34 through a suction passage 23. 
[0025] A discharge operation valve 40 is interposed 
in the discharge passage 24. The cylindrical valve body 
401 of the discharge operation valve 40 is urged by a 
compression spring 402 in a direction to close a valve 
hole 241 and thus acts as a check valve. When the valve 
body 401 is located at the position shown in Fig. 2, the 
refrigerant in the discharge chamber 132 flows out into 
the flow passage 28 through the valve hole 241, a by- 
pass 242, a through hole 403 and the interior of the cyl- 
inder of the valve body 401 . When the valve hole 241 of 
the valve body 401 is closed, the refrigerant in the dis- 
charge chamber 1 32 does not flow out into the flow pas- 
sage 28. 

[0026] The refrigerant in the discharge chamber 132 
is sent to the control pressure chamber 121 by way of 
pressure supply passages 411 , 41 2 connecting the dis- 
charge chamber 132 and the control pressure chamber 
121. The refrigerant in the control pressure chamber 
121 flows out into the suction chamber 131 through a 
pressure release passage 42 connecting the control 
pressure chamber 121 and the suction chamber 131 . 
[0027] An electromagnetic capacity control valve 43 
is interposed between the pressure supply passages 
411 , 412. Fig. 4 shows the internal structure of the ca- 
pacity control valve 43. The capacity control valve 43 
includes a solenoid portion 44 and a valve portion 45. 
The solenoid portion 44 includes a housing 46, a coil 47 
encased in the housing 46, a cylindrical fixed iron core 
48, a cylindrical movable iron core 49 and a compres- 
sion spring 50 for urging the movable iron core 49 in a 
direction away from the fixed iron core 48. The movable 
iron core 49 forms and defines a pressure sensitive 
chamber 462 on the opposite side of an accommodation 
chamber 461 for the compression spring 50. When cur- 
rent is supplied to the coil 47, the electromagnetic force 
is generated to urge the movable iron core 49 toward 
the fixed iron core 48. The valve portion 45 includes a 
housing 51, a rod-like valve body 52 encased in the 
housing 51 . a refrigerant lead-in cylinder 53 fixed on the 
housing 51 and a compression spring 55 for urging the 
valve body 52 through a spring seat 54 in a direction 
away from the refrigerant lead-in cylinder 53. 
[0028] The refrigerant lead-in cylinder 53 is formed 
with a valve hole 531 which is opened and closed by the 
valve body 52. The refrigerant lead-in cylinder 53 is also 
formed with a lead-in passage 532. The lead-in passage 
532 communicates with the valve hole 531. The dis- 
charge chamber 1 32 communicates with the valve hole 
531 through the pressure supply passage 411 and the 
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lead-in passage 532. Specifically, the pressure (dis- 
charge pressure) in the discharge chamber 132 is im- 
parted to the valve hole 531 , so that the valve body 52 
is urged in a direction to open the valve hole 531 by the 

5 pressu re in the neighborhood of the valve hole 531 . The 
neighborhood of the end surface 521 of the valve body 
52 is environed by an ambience substantially corre- 
sponding to the discharge pressure (hereinafter referred 
to as Pd), and the discharge pressure Pd is applied to 

10 the end surface 521 . The housing 51 is formed with a 
lead-out passage 511 , which is connected with the valve 
hole 531 .The control pressure chamber 121 is connect- 
ed to the valve hole 531 through the pressure supply 
passage 41 2 and the lead-out passage 51 1 . 

15 [0029] The housing 51 is formed with a pressure lead- 
in passage 512. The pressure lead-in passage 51 2 com- 
municates with a pressure sensitive chamber 462 
through an insertion hole 481 in the cylinder of the fixed 
iron core 48, an accommodation chamber 461 and a 

20 through hole 491 formed in the movable iron core 49. 
The suction chamber 131 communicates with the pres- 
sure sensitive chamber 461 through the passage 56 
(shown in Fig. 2), the pressure lead-in passage 512, the 
insertion hole 481 in the cylinder of the fixed iron core 

25 48, an accommodation chamber 461 and a through hole 
491 . Specifically, the pressure (suction pressure) in the 
suction chamber 131 is imparted to the pressure sensi- 
tive chamber 462. The rod-like valve body 52 reaches 
the movable iron core 49 through the insertion hole 481 

30 in the cylinder of the fixed iron core 48. The small diam- 
eter portion 522 at the lower end of the valve body 52 
protrudes into the pressure sensitive chamber 462 
through the movable iron core 49. The suction pressure 
(hereinafter designated as Ps) in the pressure sensitive 
35 chamber 462 urges the valve body 52 in a direction to 
close the valve hole 531 . 

[0030] The discharge pressure Pd imparted to the end 
surface 521 of the valve body 52 and the suction pres- 
sure Ps imparted to the end surface 523 of the valve 
40 body 52 and the step 524 of the valve body 52 are op- 
posed to each otherthrough the valve body 52. The sum 
of the area of the end surface 523 of the small diameter 
portion 522 and the area of the step 524 is equal to the 
area of the end surface 521 . Thus, the differential pres- 
s's sure APds between the discharge pressure Pd and the 
suction pressure Ps opposed to each other through the 
valve body 52 is substantially given as (area of end sur- 
face 521) x (Pd - Ps). The discharge pressure Pd is 
larger than the suction' pressure Ps and therefore the 
50 differential pressure APds urges the valve body 52 in a 
direction to open the valve hole 531. The electromag- 
netic force generated by energizing the coil 47, i.e. by 
excitation of the solenoid portion 44, is opposed to the 
force of the sum of the differential pressure APds and 
55 the spring force of the compression springs 50, 55. The 
solenoid portion 44 constitutes means for applying the 
driving force for defining the differential pressure, by 
which the driving force is applied to the valve body 52 
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to oppose the differential pressure APds. 
[0031] As shown in Fig. 2, the energization and deen- 
ergization of the capacity control valve 43 is controlled 
by the control unit 59 through the driving circuit 58. The 
capacity control valve 43 and the control unit 59 make 
up capacity control means. The coil 47 is energized by 
being supplied with a pulse-like driving current having 
the duty factor thereof controlled. The electromagnetic 
driving force is determined by the duty factor in such a 
manner that the larger the duty factor, the larger the 
electromagnetic driving force. 

[0032] With the increase in the duty factor, the elec- 
tromagnetic driving force is increased thereby to reduce 
the valve opening degree of the capacity control valve 
43. With the reduction in valve opening degree, a lesser 
amount of the refrigerant is supplied from the discharge 
chamber 132 to the control pressure chamber 121. 
Since the refrigerant in the control pressure chamber 
121 flows oul into the suction chamber 131 through the 
pressure release passage 42, the pressure in the control 
pressure chamber 121 (hereinafter referred to as the 
control pressure Pc) drops. Thus, the inclination angle 
of the swash plate 20 increases for a larger discharge 
capacity. The expansion valve 33 for reducing the pres- 
sure is arranged on the flow passage 30, and the throttle 
37 for reducing the pressure is arranged on the flow pas- 
sage 36. As a result, an increased discharge capacity 
increases the discharge pressure Pd for a higher differ- 
ential pressure APds. A reduced duty factor decreases 
the electromagnetic driving force for an increased valve 
opening degree of the capacity control valve 43. With 
the increase in valve opening degree, an increased 
amount of the refrigerant is supplied from the discharge 
chamber 132 to the control pressure chamber 121 
thereby to increase the control pressure Pc in the control 
pressure chamber 121 . Thus, the inclination angle of the 
swash plate 20 decreases for a smaller discharge ca- 
pacity. A decreased discharge capacity lowers the dis- 
charge pressure Pd for a lower differential pressure 
APds. In other words, the capacity control valve 43 au- 
tonomously controls the differential pressure APds in 
accordance with the duty factor. 
[0033] In the case where the duty factor reaches zero, 
i.e. when the supply current decreases to zero, the valve 
opening degree of the capacity control valve 43 be- 
comes maximum while the inclination angle of the 
swash plate 20 decreases to minimum. When the incli- 
nation angle of the swash plate is minimum, the dis- 
charge pressure Pd is low. At such a time, the spring 
force of the compression spring 402 is set so that the 
pressure upstream of the discharge operation valve 40 
in the discharge passage 24 is lower than the sum of 
the pressure downstream of the discharge operation 
valve 40 and the spring force of the compression spring 
402. Thus, when the inclination angle of the swash plate 
20 becomes minimum, the valve body 401 closes the 
valve hole 241 and the refrigerant circulation in the cool- 
ing circuit 26 or the heating circuit 27 stops. 



[0034] The controlling factor for determining the min- 
imum inclination angle of the swash plate 20 is the bal- 
ance of the urging force between the inclination angle 
reducing spring 68 and the capacity restoration spring 

5 69 with a substantially maximum moment due to the 
control pressure Pc in the direction of decreasing the 
inclination angle. The refrigerant that has been dis- 
charged from the cylinder bore 111 to the discharge 
chamber 132 flows into the control pressure chamber 

10 121 through the pressure supply passages 411, 412. 
The refrigerant in the control pressure chamber 121 
flows out to the suction chamber 131 through the pres- 
sure release passage 42, and the refrigerant in the suc- 
tion chamber 131 is discharged into the discharge 

15 chamber 1 32 by being sucked into the cylinder bore 111. 
Specifically, with a minimum inclination angle of the 
swash plate, a circulation passage is formed in the com- 
pressor through the discharge chamber 132 making up 
the discharge pressure area, the pressure supply pas- 

20 sages 411 , 412, the control pressure chamber 121, the 
pressure release passage 42, the suction chamber 131 
making up the suction pressure area and the cylinder 
bore 111 . Also, a differential pressure is generated be- 
tween the discharge chamber 1 32, the control pressure 

25 chamber 121 and the suction chamber 131. Thus, the 
refrigerant circulates in the circulation passage de- 
scribed above, and a lubricant flowing with the refriger- 
ant circulates in the compressor. 

[0035] The energization/deenergization of the switch- 
30 jng valve 29 is controlled by the control unit 59 through 
the driving circuit 60. The control unit 59 is electrically 
connected to a target temperature setter 61 and a room 
temperature detector 62 by a signal. The room temper- 
ature detector 62 detects the temperature in the vehicle 
35 compartments. The control unit 59 detects the target 
temperature To set by the target temperature setter 61 
and the detection temperature Tx detected by the room 
temperature detector 62. Also, the signal of the control 
unit 59 is connected to a cooling command switch 63, a 
40 heating command switch 64 and a stop command 
switch 65. 

[0036] The control unit 59 carries out the cooling and 
heating control program shown in the flowchart of Fig. 
5. In this case, the maximum value Rm of the duty factor 
f5 for generating the differential pressure APdsm set to the 
largest possible level including a margin of the range 
where the discharge pressure Pd does not increase to 
abnormally high level is input to and set in the control 
unit 59. 

50 [0037] With the turning on of the cooling command 
switch 63, the control unit 59 issues a command to deen- 
ergize the switching valve 29, so that the switching valve 
29 is held in the first switched state shown in Fig. 1 . 
Then, the control unit 59 carries out the cooling control 

55 operation based on the energization/deenergization of 
the capacity control valve 43. The control unit 59 con- 
trols the energization and deenergization of the capacity 
control valve 43 in such a manner as to converge the 
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detection temperature Tx to the target temperature To. 
In the case where the detection temperature Tx is higher 
than the target temperature To, the control unit 59 in- 
creases the differential pressure APds by increasing the 
duty factor The increase in the differential pressure 5 
APds is brought about by the increase in the discharge 
capacity, and increases the heat exchange amount in 
the evaporato- 35 As a result, the temperature in the 
vehicle compartments is decreased. In the case where 
the detection temperature Tx is lower than the target 10 
temperature To. on the other hand, the control unit 59 
reduces the duty factor to a lower value or zero thereby 
to reduce the differential pressure APds. The reduction 
in the differential pressure APds is brought about by the 
reduction in the discharge capacity and reduces the *5 
heat exchange amoLnt in the evaporator 35. As a result, 
the temperature in the vehicle compartments increases. 
[0038] Wnc mc cont-oi una 59 turns on the stop com- 
mand switch 66 ajnny t*ie coding control operation, the 
energizatio-i o? u>e cnyricit/ cont'd valve 43 is stopped 20 
by the control urn: mcrcoy :o stop the cooling control 
operation. 

[0039] With the turning on of the heating command 
switch 64, the cortrol unit 59 gives a command to excite 
the switching valve 29. and the switching valve 29 is held 25 
in the second switched state shown in Fig. 3. Then, the 
control unit 59 carries out the heating control operation 
by controlling the energization and deenergization of the 
capacity control vale 43 The control unit 59 controls the 
energization and deenergization of the capacity control 30 
valve 43 while fixing the duty factor at the maximum val- 
ue Rm. When the differential pressure APds exceeds 
the set differential pressure APdsm, the valve opening 
degree of the capacity control valve 43 increases so as 
to decrease the inclination angle of the swash plate 20. 35 
Thus, the discharge capacity decreases and the dis- 
charge pressure Pd drops. The decreased discharge 
pressure Pd reduces the differential pressure APds for 
a smaller valve opening degree of the capacity control 
valve 43. In the case where the differential pressure *o 
APds decreases to below the differential pressure 
APdsm, on the other hand, the valve opening degree of 
the capacity control valve 43 decreases while the incli- 
nation angle of the swash plate 20 increases. As a.re- 
sult, the discharge capacity increases for an increased *s 
discharge pressure Pd. The increase in the discharge 
pressure Pd brings about an increased differential pres- 
sure APds and increases the valve opening degree of 
the capacity control valve 43. In other words, the capac- 
ity control valve 43 autonomously controls the valve so 
opening degree in such a manner as to converge the 
differential pressure APds to the differential pressure 
APdsm. 

[0040] When the stop command switch 65 is turned 
on by the control unit 59 during the execution of the heat- 55 
ing control operation, the control unit 59 stops the heat- 
ing control operation by deenergizing the capacity con- 
trol valve 43, 



[0041] The control unit 59 for performing the cooling 
and heating control operation described above consti- 
tutes driving force control means for controlling the driv- 
ing force of the means which applies the driving force 
for defining the differential pressure, based on the infor- 
mation for defining the differential pressure such as the 
detection temperature Tx and the target temperature To. 
[0042J The following effects are produced by the first 
embodiment. * 

(1) The capacity control valve 43 which, together 
with the control unit 59, constitutes the capacity 
control means controls the discharge capacity of 
the variable displacement type compressor 25 in re- 
sponse to the differential pressure APds between 
the discharge pressure Pd and the suction pressure 
Ps. Both when using the cooling circuit 26, i.e. when 
circulating the refrigerant in the cooling circuit 26, 
and when using the heating circuit 27, i.e. when cir- 
culating the refrigerant in the heating circuit 27, the 
discharge capacity is controlled by the capacity 
control valve 43 responsive to the differential pres- 
sure. In controlling the discharge capacity based on 
the differential pressure APds between the dis- 
charge pressure Pd in the discharge chamber 132 
constituting the discharge pressure area and the 
suction pressure Ps in the suction chamber 131 
making up the suction pressure area, the suction 
pressure Ps is not controlled unlike when controlling 
the discharge capacity by controlling the suction 
pressure Ps as disclosed in Kokai No. 11-180138. 
In controlling the discharge capacity by controlling 
the suction pressure Ps, assuming that the atmos- 
pheric temperature drops to such an extent that the 
saturated pressure of the refrigerant decreases be- 
low the range of a set suction pressure, the dis- 
charge capacity cannot be increased, thereby mak- 
ing it impossible for the air-conditioning system to 
perform the heating function. By controlling the dis- 
charge capacity based on the differential pressure 
APds between the discharge pressure Pd and the 
suction pressure Ps, on the other hand, the control 
operation becomes possible to increase the dis- 
charge capacity even at a very low temperature. 
Thus, the air-conditioning system according to this 
embodiment can positively accomplish the heating 
function even at a very low temperature. 
(2) The capacity control valve 43 functions in such 
a manner as to reduce the discharge capacity in the 
case where the a preset differential pressure 
APdsm is exceeded by the differential pressure 
APds between the discharge pressure Pd and the 
suction pressure Ps. The suction pressure Ps un- 
dergoes a lesser change than the discharge pres- 
sure Pd. As far as the differential pressure APdsm 
is properly set as described above, therefore, the 
preset differential pressure APdsm is not rarely ex- 
ceeded to a large measure by the differential pres- 
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sure APs between the discharge pressure Pd and 
the suction pressure Ps, thereby preventing the ab- 
normal increase of the discharge pressure Pds. Ac- 
cording to this embodiment, the discharge capacity 
is controlled to prevent the abnormal rise of the dis- s 
charge pressure Pd regardless of whether the cool- 
ing circuit or the heating circuit 27 is in use. 

(3) The refrigerant is circulated only in the cooling 
circuit 26 when in the cooling control operation, and 
only in the heating circuit 27 when in the heating to 
control operation. In other words, the refrigerant in- 
creased to high pressure by the work of the variable 
displacement type compressor 25 is not wastefully 
released to the circuit not in use, thus preventing 

the deterioration in the cooling and heating func- is 
tions which otherwise might be caused by a re- 
duced energy efficiency. 

(4) Regardless of whether the cooling circuit 26 or 
the heating circuit 27 is used, the configuration for 
controlling the discharge capacity by a single ca- 20 
pacity control valve 43 both simplifies the mecha- 
nism of the variable displacement type compressor 

25 and avoids making the variable displacement 
type compressor 25 bulky at the same time. 

25 

[0043] Now, the second embodiment shown in Figs. 
6 and 7 will be explained. The same component parts 
as the corresponding parts of the first embodiment are 
designated by the same reference numerals, respec- 
tively. 30 
[0044] The variable displacement type compressor 
25 according to this embodiment is different from the 
variable displacement type compressor 25 according to 
the first embodiment in the lack of the passage 56. In 
the capacity control valve 66 used for the second em- 35 
bodiment, the lead-out passage 51 1 communicates with 
the pressure sensitive chamber 462 through the inser- 
tion hole 481 in the cylinder of the fixed iron core 48, the 
accommodation chamber 461 and the through hole 491. 
The control pressure Pc in the control pressure chamber 40 
121 is imparted to the pressure sensitive chamber 462, 
so that the discharge pressure Pd and the control pres- 
sure Pc are opposed to each other through the valve 
body 52. The differential pressure APdc between the 
discharge pressure Pd and the control pressure Pc ob- 45 
tained by and opposed to each other through the valve 
body 52 substantially assumes a value given as (area 
of end surface 521 ) x (Pd - Pc). The discharge pressure 
Pd is higher than the control pressure Pc, and therefore 
the differential pressure APdc urges the valve body 52 so 
in a direction to open the valve hole 531 . The electro- 
magnetic force generated by the energization of the coil 
47, i.e. the excitation of the solenoid portion 44 is op- 
posed to the force corresponding to the sum of the dif- 
ferential pressure APdc and the spring force of the com- 55 
pression springs 50, 55. The control unit 59 controls the 
energization and deenergization of the capacity control 
valve 66 by supplying the coil 47 with a pulse-like driving 



current based on a controlled duty factor. 
[0045] The control unit 59 and the capacity control 
valve 66 make up capacity control means for controlling 
the discharge capacity based on the differential pres- 
sure APdc between the discharge pressure Pd and the 
control pressure Pc. The solenoid portion 44 makes up 
means for applying the driving force for defining the dif- 
ferential pressure and applies the driving force to the 
valve 52 in opposition to the differential pressure APdc. 
[0046] The inclination angle of the swash plate 20 is 
controlled based on the differential pressure obtained 
through the piston 22 between the suction pressure Ps 
and the control pressure Pc. The difference between the 
suction pressure Ps and the control pressure Pc is small 
in value. In other words, there is no great difference be- 
tween the differential pressure APdc and the differential 
pressure APds, so that the discharge capacity can be 
controlled based on the differential pressure APdc in a 
similar manner to the discharge capacity control based 
on the differential pressure APds. The control unit 59 
executes the cooling and heating control program 
shown in the flowchart of Fig. 5. Thus, the discharge ca- 
pacity can be controlled by the capacity control valve 66 
responsive to the differential pressure regardless of 
whether the cooling circuit 26 or the heating circuit 27 is 
in use. As a result, the same effect is obtained in the 
second embodiment using the capacity control valve 66 
responsive to the differential pressure APdc between 
the discharge pressure Pd and the control pressure Pc 
as in the first embodiment. 

[0047] Now, the third embodiment shown in Fig. 8 will 
be explained. The same component parts as those in 
the first embodiment are designated by the same refer- 
ence numerals, respectively. 

[0048] The variable displacement type compressor 
57 according to this embodiment is different from the 
variable displacement type compressor 25 according to 
the first embodiment in that the rotary shaft 1 8 acquires 
the rotary driving force from the vehicle engine E 
through the electromagnetic clutch 67 and in that the 
discharge operation valve 40 is lacking on the discharge 
passage 24. After setting the switching valve 29 in the 
first switched state or the second switched state based 
on the turning on of the cooling command switch 63 or 
the heating command switch 64, the control unit 59A en- 
ergizes the electromagnetic clutch 67 to execute the 
cooling control program or the heating control program, 
as the case may be, in similar fashion to the first em- 
bodiment. 

[0049] This embodiment produces the same effect as 
the first embodiment. 

[0050] The present invention can also be embodied 
in the following-described ways. 

(1) When the heating circuit 27 is in use, the dis- 
charge capacity is controlled based on the informa- 
tion defining the differential pressure such as the 
target temperature To and the detected tempera- 
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ture Tx in the same manner as when the cooling 
circuit 26 is in use. 

(2) The discharge capacity is controlled based on 
the differential pressure between the discharge 
pressure Pd at an arbitrary position in the discharge 
pressure area leading from the discharge chamber 
132 to the switching valve 29 and the suction pres- 
sure Ps at an arbitrary position in the suction pres- 
sure area leading from the evaporator 35 to the suc- 
tion chamber 131 . 

(3) The discharge capacity is controlled by control- 
ling the amount of the refrigerant flowing out from 
the control pressure chamber 121 to the suction 
pressure area by the capacity control valve respon- 
sive to the differential pressure. 

[0051] It will thus be understood from the foregoing 
detailed description that according to the present inven- 
tion, there is provided an air-conditioning system, 
wherein, regardless of whether the refrigerant is circu- 
lated in the cooling circuit or in the heating circuit, the 
discharge capacity is controlled by capacity control 
means based on the differential pressure between the 
pressure in the discharge pressure area and the pres- 
sure in the suction pressure area or the differential pres- 
sure between the pressure in the discharge pressure ar- 
ea and the control pressure, resulting in a superior ad- 
vantage that the heating function is performed very ef- 
fectively in an air-conditioning system which selectively 
uses one of the cooling circuit and the heating circuit 
sharing a variable displacement type compressor. 
[0052] Also, according to the present invention, there 
is provided an air-conditioning system in which the dis- 
charge capacity is controlled downward in the case 
where the differential pressure between the pressure in 
the discharge pressure area and the suction pressure 
area or the differential pressure between the pressure 
in the discharge pressure area and the control pressure 
exceeds a preset differential pressure level, thereby 
leading to a superior advantage that the reduction in the 
cooling/heating function can be avoided. 
[0053] While the invention has been described by ref- 
erence to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 



Claims 



1. 



An air-conditioning system comprising a variable 
displacement type compressor for compressing 
and discharging a refrigerant on the one hand and 
changing the discharge capacity by changing the 
control pressure on the other hand, and a cooling 
circuit and a heating circuit sharing the use of said 
variable displacement type compressor, one of said 
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cooling circuit and said heating circuit being selec- 
tively used, 

said system further comprising capacity con- 
trol means for controlling the discharge capacity of 
said variable displacement type compressor based 
on selected one of the differential pressure between 
the pressure in the discharge pressure area and the 
pressure in the suction pressure area and the dif- 
ferential pressure between the pressure in said dis- 
charge pressure area and said control pressure, 
wherein said discharge capacity is both controlled 
by said capacity control means regardless of wheth- 
er the refrigerant is circulated in said cooling circuit 
or in said heating circuit. 

An air-conditioning system according to claim 1 , 
wherein said capacity control means controls said 
discharge capacity downward in the case where 
said differential pressure exceeds a preset differen- 
tial pressure level. 

An air-conditioning system according to claim 1 , 

wherein said variable displacement type com- 
pressor includes: 

a swash plate encased in a control pressure 
chamber in such a manner as to be rotated in- 
tegrally with a rotary shaft and having the incli- 
nation angle thereof changeable with respect 
to said rotary shaft; 

a plurality of pistons arranged around said ro- 
tary shaft and adapted to reciprocate in accord- 
ance with the inclination angle of said swash 
plate; 

means for discharging said refrigerant into the 
discharge chamber from each cylinder bore by 
the forward movement of each of said pistons; 
means for sucking said refrigerant into said cyl- 
inder bore from the suction chamber by the 
backward movement of said piston; 
means for supplying the refrigerant to said con- 
trol pressure chamber through a pressure sup- 
ply passage from said discharge chamber; 
means for controlling the pressure in said con- 
trol pressure chamber by releasing the refrig- 
erant Into said suction chamber through a pres- 
sure releasing passage from said control pres- 
sure chamber: and 

controlling the inclination angle of said swash 
plate by controlling the pressure in said control 
pressure chamber; and 

wherein said capacity control means controls 
selected one of the flow rate of the refrigerant 
in said pressure supply passage, the flow rate 
of the refrigerant in said pressure releasing 
passage and the flow rate of the refrigerant in 
both said pressure supply passage and said 
pressure releasing passage. 
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4. An air-conditioning system according to claim 3, 

wherein said capacity control means controls 
said discharge capacity based on said differential 
pressure. 

5 

5. An air-conditioning system according to claim 1 , 

wherein said capacity control means includes 
a capacity control valve responsive to the differen- 
tial pressure for adjusting the valve opening degree 
in response to said differential pressure. 10 

6. An air-conditioning system according to claim 5, 

wherein said capacity control valve respon- 
sive to the differential pressure includes a valve 
body subjected to said differential pressure and *5 
means for applying a driving force opposed to the 
differential pressure to said valve body thereby to 
define the differential pressure. 

7. An air-conditioning system according to claim 6, 20 

wherein said capacity control means includes 
means for controlling the driving force of said differ- 
ential pressure defining driving force application 
means based on the differential pressure defining 
information. 25 
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Fig. 5 




ISSUE COMMAND FOR DE-ENERGIZING 
SWITCHING VALVE 



CARRY OUT COOLING CONTROL BY 
CONTROLLING ENERGIZATION/ 
DE-ENERGIZATION OF CAPACITY 
CONTROL VALVE 




ISSUE COMMAND FOR ENERGIZING 
SWITCHING VALVE 
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CARRY OUT HEATING CONTROL BY 
CONTROLLING ENERGIZATION/ 
DE-ENERGIZATION OF CAPACITY 
CONTROL VALVE 




STOP HEATING CONTROL 
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